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s':SOfi>ksCiric ac';ij.?,t!;v poiiion positions th« snUfstor's 
Sraoiion sTujivsisfii- tssngefiiisl to iim object's sorfsca. 
Lifse:- srirf iangsnk?!- po.iions of an actuatw sfe 

Sy ccfnrcinabifi, A walking cycle oon$;i{;Js o{ actsvi-i- 
ing she Sifter to apply a prsdeten^iosd norma! force 

ths tengisais!' irai-issate;; ihs Srsction (rsemJssr a! a 

Durisig aepiteation sno sSfViovai ot nonvial force, m 
sYsechameal ws* is dms by the trisctiori s^ien-iiser 
m *h«! objset As; ihs rsofmai forcsi is appliad, S: 
tafrfj^fifis) stfisin is acidod to the tangentef portion. 
Tiifi product ef thsj tangentia! toi-cs and th>s Ssjigsn- 
iiai distanc« feas'sied da»riQ ti;B power slmke pot- 
Xion isi ths work dcstus «!i iha obisct. The work done 
pee unit iime, av-afagsd ov«r <~: compistfs cycie, )•> 
?h6 pov.<er transn-iitied to ths obiect 

At th'j Bna of the powsr portion c;i ths rycle ihs 
tarigentSa! inmn is t^mm&d Sh«; norma; torco is 
mmmad l.>y \h& iifliJ!:, stSii rsisjintaining .y«5ro re!;-ttiv«i 
speed Sjetwsen object and traction momU-sr. As m 
ti-acfiorj rn^mfcef fssvss the otjject's sufface, ihs 
ifaci(o?i m^fobar fotraoes, !hat is, it tevtsses isn- 
giifUiai siroke ciirec'ion and changas speiSid unSi the 
oppo;>i{e oKtremo tarigontiat c-osi-ion is foscsrsd, 
Ih&reby preparirig kir s stroke, 'this is a 

cios, om 3ctu.3i:oi- perjorfnirig 3 power stroks v/niie 
tne omsr fstfacss. A pfsdstefwined coordinated 
positiOiiing of ths tfscSon memliSKs of Jjotti ac- 
tyaicrs resuits in stnootb waiiafig. Smooth walking 
is dsfsneci a? uninton\jptod smooth ir«c{tonaf 
power transmission wtitout sliding. 

Tiie i5is.;;(sei«.cl!lc, rF^at«;>ii*ls are genoraliy elee- 
■ricaity ixiiarizetJ ferroetectfie ceraffiics. TiMs ckJSS 
ot mstsriais is reiativoiy brittSs, nsving rsiativeiy 
little tensile strengtn. In addition, ti'is tempsrsuure 
above the ususi morn tefopsrature ai whici? eiec- 
;fi;;el ptJiari^alion ><: !fre«}rsit>ly lost, usually tilled 
!he Gijrie {emperature, is rolativofy low. Those 
pnysicai properties aro a dstrit^wnt in son^e ap- 
plications a? vv&iki.ig actuators, PatsrfJ 4,628,030 
also toschss »«s use cif rafesivoly high tipptfefj 
vtiltsgsis to achieve dtssirably large mochwiGSi 
sirokss Hioh vfjHagfis sr« s disacivsntage in thfj 
c:ont«xi of sioiid state fiiecixontc. drive rifivicss, i>uah 
doviG<3s havin;^ evincisd i-noro efficiont operation 
with low >;oitsges vv^tn miaijvsiy iafga cunsptx. 



Appiii5S!it's aipofidiriij «pp!!i;a!!Of: s§dsl fii^sTr 
ber 07.'4a8.fi4t^ teaches mt; use ot FoMsi?^- gss,nefs- 
sion ot iionsiiiiisoidal T^sch3nica! >sfavs: ttssres sised- 
3d for -smooth wasicng. "Iho ts«chi!-!gs ars pfin-safHy 

JiM'^ttd t'^^Noo V ^ o ' - -- i.i;;r, 

The nenaiits iaugi^t fes ■'e!a;jv<::iv' f!!?)h siecincai 
stfidsRcy derived ffOJfi resor-ant excitaii-jn ot ac- 
tuator psodiofss^ and fsiatiyeiy higii aiesiiricai 5;Sabii- 
iiy not normaiiy ssseoiated i:v:;?i 5:.-iwo! :i:T:;>ii-:!0?s 
a-iat drive prspondef&nily tsssciivp stecjipcai loads. 

Objects el the Invsrssson 



The pri;; 
ii<inO tela 



is:no a 



cissly posilions an objsct ti-roiiQh dista 
a?« great reiaiivs to a singitJ a!:;lu&tor 
reteasss the objset 'with ol-wancs th 
relative to said aaisater siress 

aher objects are; 
operate if) ha^srdoos snvwonrnertis 5 
iSisawator, naar fsdioacts«s r!i3t:«ns!s, in s 

and thf: ii!<e; 



spsod or posititjniniij; 
to lorceioiiy posi-^on i 



springs, arx 



!Vi«ji;ha»i.>jmji such aa ruhbirig; 
to forcefolly po.sH:iOf! af5;3 raiesse an oi;:'.i8ct in a 
linear direction by sifnuitsnsoys indspendeni. elec- 
trical control oi multipia isnguiasiy disposed sctu-stof 

to fcifcaiiiiiy pc^iJiiion and foiaase ssn oSjject in Jlwee 

orthogonal diroelions of translatiers by slmnitafmsii: 

indeperjdsrit eisctficai eontroi of muitlple sngalt^iy 

disppssd atiluattjr actiao difediSRs: 

to forcefully pesillori ari oljjiXit wlSipnt tiAricKnts 

Sfid wiftout iobritssnt seals; 

to forcsluily ptjsiijon w objeol -jsinj- riiodotalfj vol- 

to forcefuiiv pujl«v^ a; c'v''^' t^i^'-.^ v ^ 

Superconductors Irs crycgensc sppiicat;ons;. 

to position an oi:;joct wi-ii K:niG!)jral risjiprjy co<n^ 

S>af3bla to a tioiid app^jratiis; 

to position art objeci by tractio?^ that is tolerant, of 

{faction soi"face roiiiQhness and wavirsess; 

to position an otJieel Dy tra'^^ova solion shst cleans 

ths traction surfece; 

to oiserato as a geswator io C0!-:v;5rt i-riecharKoai 
enmgy inio siefrfricai powsr: 
10 posiliof! an oi^ct in e rnicift- arid in b sero-ijes 
onvironnFient usin§ normal trsctiViS torces Si;ppli55<3 
by th6 aclsjators withOijt o\fe«;a) normal toroing 
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to opsrats in a Saii-lree mode aiiowsfig (ocsbssscS 
•eSiabttiiy ij-KOUijh iha um oi fn^iiJipte posiiionefs 
waiking or! a co!r;:-!fion fx>sitittns<5 o»iea; 
to of.'srsts in s fail-tocfieci mode in a,opfic3tiofis 
rsiquttifjg mostly tcifcefuiiy mid jnstic posisioris afi>:J 

to provitJe an actuatof ffiantrfacturtng metnoci fo- 
suitsrjQ lii i'sistivsiy high posltiofiing ^f-ergy dsftsiiy 

to provide an actiJator tisving no oht?»c- contacts or 

&)<:ixss9d otecif icai conductors; 

io piovidsi a p;:-:-5iiior(if;:5 apfiisratus hmmg no tMin^ 

sifKtnca! comniutatof; 

(tj scaie sctiissof si;c9 Isom nsistivsiy sjviaii io vsry 

l«rge cia«i- of tfiisisdacer appiitasions; 

to operate sx reiativsty high enefgy sioosiJy using 

forced ftuid convscSos cooHfig in lntercoa<3uetof 



rqj«j pi ? f 

stabtStv, 

Hgu i>> 5 \ i 
1$ ram « og rs^ & 

F Uf-3 ir ( <. 1 i 

disk brake. 



to opsfiats at 5Sia5iv8!y hifih snsrgy dsosiiy using 
iarcod fUiScj Mnveirtioo cooiifij^ through channels 
intorsia! to ac&iafer comporsents, aiso a!ioy4ng 
vacas-MT) arsd space ocssratiort witi-iOut B>;pQSur8 or 



to opero'S in intense denizing rediation -mii-i re!a- 
tivsiiy !cn$3 Sitfj and iittso nuciotir tsarissnuSattor!; 
to b« constructed '^^•itn rsiativ«iy hght v-m^H rnateri- 
a!s; 

ki C!pOf3t« with r«!al!«iiy high elijctrical officioncy 
i-.y rriaai::.- ir:;jQoo*ic fiiw ccncsntrgf^d by per- 

(o oo«jiai;> s'vi:!-; foi&tivsiy tiiqh «j!octf)Cai s!"})ci«fKy 
siy srseans at aiagrsoik: iiux iniafactitig witi) mag- 
neiijed portiOiis: 

to oporats with reiasiveiy high >3tetl!R':a' eiSici6r>cy 
fey mmm ai pi&zaehcir'K and ferrosiectfio ir.aisn- 
als; 

to op-srats with m^Sivoly high oisctfic^f ^tfsci-sncy 
by rn«arii? oJ hybrid pie^oelscldc and n^agnettic 

acioatof fnatsriais; 

So 0|>t!f;5i:si with high eleotrioai efficiaocy in ccm- 
i.iffia!iors vvilh rourioi' stifnoiaiion: 

by means (3t smoosh svaii<,!ng: and 

smooih waiSiing ccirnhioad with ?x-urisr stimuiatiori. 

3ri9l fJescriptiori of Rgu!«s 

Figijrs- 1 is a parspecave oirav^ing of an etectric 
walking actuator havifig a iaysisci bcrfy and a trac- 
tion miJinPof. 

Figurs ;^ .ia s parspacSivj pariisily gtiostad V(s;w 
of ao actuaior as«inibiy a- the present iwention. 

F.gurs 3 :s a piar; viow of a dual paif positioner 
ot ihe pressfii inveiitspn. 
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{12 of F:;;. !>, During sctustof T^vaiking, actoistofs 24 

iorcsiijiiy position boi; in cJirsfJttQn SO 

m ifaeiion mssmi:;srs 8 ci^ar of iracfen sorfasjs 30 
snd niovifig tisstrs SangsnfiisjJy io ttis opposite ox- 
ftsir«si of tangattSi&i ;fiovj5fniSfit !!■! iSfgfiiJrafer! *c>r a 
vvjiisin-'j stiiiJ. A;.-:!,:afO!- j&fs 24 snd act 
CyCiieali.v ancs ariernsteiy. 

Biil: S8 is fsjovsd in difoction 28 i;n{(1 feoit 
{raction ssjs^jjee 3S appii&s a pfedirterminsd rtomig! 
Uociivs iorcs to pc^sili(;f^s.•d object 34, Up0f> ap&iy- 
!!'ig the i:)fed«5tenTiifi8-:3 norjTSiS lores io positxified 
«b.:ss:: 54, svalking of ac:Si)ators ?;4 &rni SB on bdi 
28 ceases snc! coofcinatsd gduator iiite-r and tan- 

consiJHC&ofs svs;h other npposifig actuator Jis-som- 
b!i«s (Sijo ?ig, 3 3nci to waik on a.td ttefoby 
force-'uSiy posiliOi'i object 34 sn direciions 16. 

!i th& irsciion siiftacsJ of obj^i 84 is rough m' 
wa>/y. acidittoM aotuaier vjalking sjsps mi rtsads to 
r&poS!tk:ii bah S8 snri raappiy iha precteiserfnined 
tfactivss normsi u.-rce. A positionsr et tms preswt 

sss«ii;?b!i«;s. Aj-y mmber oS actuJiMr assombltes 

yi«. Tho tiss ot mm\- setuator sssornbles 23 ran- 
dssfs Ihii posittoiior rsiativsiy loisfarrt of a Mbxai sif 
(jno so 8 f«iw~ actuator assetnbiiss. 

RaSorring so ."igui-a 3, showrj is a p(s« view of 
two pair 0! walking sctifssor asjssmhfies S3 trsc- 
siveiy positioning otjjijct 34 t5y aiiornatifig tractive 
strokos of opposirig boits 28. Normal forces 38 of 
on<5 boit pair accompai-ijas a ;orcafu! postponing 
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aiem to iHjfidrerJs -o fho-ssarids of aoinato! wsising 
Pigurs 6 >s; a siss view !>f a vanant of si^a 
I ,n p rU) 'f" i i t 

bsjing optionaS. Th« spring, vviih or wishoos fes ski 
ROSS, is us«d in afHSiicsifjons bersoflfSog ?roir> pesi- 
t;s'a boil fotfsctlon iliat avxiids ii^ciiors sarisca <3«ri> 
sga du?} to siidii?9. 

r-ig-jta 7 iiiijstr.aff.f; pariialiy a O'^^-'S'f^i varlnnt of 

iiiustratsd) j-^as'ir^'j tioisd ro!i«:.'5 "i.-ifs noiio^^- -oiia;- 
variant is wsfsd for a divftrso dass of sSfiiic;siioris 
iiaviog fores fjn objjKJt 34 pr^slsjnrtirjsriSly ir- go-j 
ciifoction 6S. as ifta wsigt;! ot positiof?<xi 
jsct 34, tn« aitvani-ajis! bsiog fov^or at-uatois in 
operaiion, sctueiorj 3-1 apply torcirig arid reiracs 
iitrokrjs to iha sJOiOO! aitorrsaioly wS5h aoiostofs 2S 



pany boit ratractjs. FjQaio 8 la a plan view rj! a 
:nroQ-p3ir positionor ualng )ba -smne nurpbsrlng 
and ftmcfiori description as that ot Fig, 3, Object 34 
is posiSiontl by two aftsrnstaiy acting groups of 
iiirsi* actuaSnri; ^ m this yxarfipi®. 

Figure 4 is a sicia view of one atii^ator a.^sam- 
tjiy 5f ^'i<s- 3 appiyir'g boii norma! iorco 38 to 
nosiiionad obieci 34^ svijiie sctuaior iitiora forceiotly 
jiosstioo in difsction 45. Trs mov« the ob}<K;t 3^4, 
iifi.er;s on ono «iC5<5 of isoit 38 decrssss in tfsickness 
as the iiiters ors ibo apeosife ijoit side mcfesse in 
!i5ic!<r!S5!5S, 

FiguEO 5 sto»-.=5 a sicss viisw of ihe- aduator 
asfjen^biy of Rg. 4 jyst aftsf actuator lifters hssm 
rsisasoc Ifioir grip on fhe bolt, iiiustrating boii ce- 

ieass m direction 4G inat orocodss irsoing of oPJoct 
3-i in iiiis •?>!arripia froo fall of objoct 34 by gfa\^ty. 
bo; i- may bs sosno otiisr OKjomai forcirsg agency, 

i-nified to pravisJe: froa fail doarance m soccrdance 
Witt? 3 pmiewtac aopiication. a diverse ciass of 
sppiiCSSions i\^qyiis a cisarsncs 46 tnat u squiv- 



?!ntij,n 



actuator liters, Ti'so hoiiow springy roisor sswrbodi- 
rnom ailows arA^ator iiii-ar ;>;ri;.is:5s tri i>a r.n iargor 
than those requirod to cisar ratrgcing acfyator ira<;- 
t:en membsrs ss neigiibobrsg trs'jSon n-semiiis;-?. 
assiirriis ihe nonTssi ic.«5d. Tho ho-iosv foilsr s;n-.i:;od;- 
ment is foialiv-siy toi-jrant of s-naridaoiaring arrors, 
.^ prertotsnTiinad roiisr spring constant pravonta fi'so 
corr»pl«ie iclwa ! v ^i, ' * ^ \ < - * * 
aotoat<;r« tc; r;ontfoi bos? p;5siiioo sn ^iirecijon 20 at 
all ljrfi8S> Tiio soiiri rosior asniiiodirnoa; nas nonTiai 

lifters^ "fM scJiid roller smiaodiffienf is eapstJis of 
fslatiwsiy groat s^sfio sncl posSionirfg iri^ds, srsd 
pfovides corapiai-a bolt frs^riorr? vvtvan lifters ara 
activated to »sir irjinln^on-; lift siroka. Viu': sai:0' 
sxiiier Bmbodimsni roquirss issiafivsiy pfisciso nianu- 
iaoturing. 

terta 56, coupiing n->oans 58< sigr-.^i and powor 
cofidttioner SS, transmitter 6S, reeisivsr .72. ar-d 
controiior ?4. "he positioner is si-iO>«cn with tt^ifoa 
pair of actuator asssmiJiios £3 posiiioning an objaci 

34. f ioc < i ovv , (. ^ 

siii»iimposari ti\ ! \ . ^ ^ ^ 
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ts she prirrsary of afi inductivs iransfoftn^ir. R3-> 
csiv<5i- 72 !-n?.y iiiy inside a pressum or contaiiwnsnt 
■vssssi 70 thai is r«ila;iveiy aiofs fssiisii.fe when te 
i«jmb-5c ai vssissjI wai! psnetfatioos is .'iJdtiCiKi, 
Rscesver ?2 coiiscts and forwards ttansminsct poi*-- 

isf ?4 sapafs-sss DOSiiioreng onlem from ths elec- 
Srscai power- Pcijsiiionirig criteria ara tetr.i::«i)rafi!y 
stored, to be 'urther cornSiteP^id and difscl^ci to 
controiter porfions thst activate actuators of tJie 
PGsiiloner. System vsriaois tnay afeo store sleo- 
Sficai psiwar. These inWsf controiler jjortior.s disJrifo- 
s.itfi th'S Sisparatorf si<5C.tric pow-jr to the i-ctuators in 
occoiciance with tivj requiromenis of ii-so position- 
ing crfiaria. Ssasars intsmat tc; tha acltsaiori; inJarm 
tiiB c:ant;-:;iier by fnaans rJ irsuiiiconducsof catiie ?8 
ai file state of forco and r'5iat:v9 actuator saQmetvS 
posiiicn in tlis !,x«i!iion«!, TS)e cofslroiier lis-rjs seo- 
soj dais to rrtifBrnto arpof sign-jJs of aetuatofs in 
cBmjjar'itsJO to positioning critsfig. Sy^tera cofripo- 
!-!onl?, !!-!ci>,iding if>S! positior>&-r. located interna! to 
the dssiCjtieci 1o sustain the swironmerrt 

A relativaiy aavera tsackyroaixi a?' ionii'ing radi- 
aSioi') i-xies tite use oi magr,6lic. actuaiors f>avi>ig 

pariic;u!3r appi!c;a!ion. Some piazosii'ectric actuaiors 
may bs iosa ioi&f;s«t rJ sadtaiion, or may havo a 
fisiativaiy r^arrowf ep&ratif»g tomperatui-g sangs, feist 
are mh^rsntiy rigid, sveo mm m etectric is 
applied^ Bi§idiiy is an ssdvsntssj?! in aneiXiifjfj ap- 
fsiic&tions. 

Figure 10 is. a '-.aif croas s&ciion view that is 
^sssnfeaiiy syrnn-sa'riC afjout an axis 8S of totation 
s5i a disk ernLxtdiwant a; tl'is prasoni iavers- 
ti«a> iXrfnprisirig ai iea;:! ')ix,- rei«,asi>X! acfuator 
ass-am biy genoraiiy indic.ai-ad 23, vanted braka dis>; 
82. and actoator support iviaani 36. Actuator as- 
ssjnbiy 23 eonsisis of walkt«g actuators 2 con^ 
nsctefS fo ma suppofted fey stJpporl m-3ansj OS, and 
ra!sasat3f& maans 23. Rsisasabie rr-ssns 38 ss corj- 
nacteci to brake pads S-1 and optionaiiy by ^fi^erve!v 
ing !hern-!ai isoiation pada SO. Appliaaiion ci pra- 
daierrriinad aiix-.tfic aigr.ais by vmv of connea-ing 
aiectricai terminaia causaa actoaiors 2 to waii< 
:aieasa!3ie rtioans SS in dirsction-s SO in ord«r to 
-far,' ti)S s:qi.i<tasing ioravs Ls«tw^>8r. iimka pads 84 
!hai aiteais bfa!<in8 asiiors m diak 8S t)if»:«c}h trio 
tiof^ 0(1 disk fftction surface?: 3S. in a prefsffeo 
vsrisiit tfte smbsdimsnt mmml of aft eleotrieai 
sigfjsis to sictu&tors 2 reteases retessabia means 
88 wiiici; iixifi Srarslataa -ijuid-x^bly in diredi-an 20 
sway fforsi ti^a dissi. aiiowiag tiia disx to caa.st 
withoi.it ra&binQ. spring moans (not iiiasSrstS':}) 
may aiso be addad ^o taieasabie tneana 38 to 
assure nibissa coasiing, Anotiier preferrsd ofrst-odi- 
msnt uses stored aiactiicat energy of tfi>2 corsifoiior 
74 msans •:5esc!ib5?4:i tor Pigtjre S to apply o.ncl 



maintai?! rriaKifrsufrs sjrasisr^g tci- ca in ins evafit a? 
oredeisrmii-.e<3 condiiicas, s.-.i:?n condition-: inciad- 
irig bui not sjscssssriiy iin^iiaO to iois oi ii^a inoia 
s-aufoe of oiaoiriaai power, a-;cidani, ia:i;;;e -X n 
s cotnponaaf i>f s^-pafaiaa af-aiiiary so iha diak i;:faksf 
aystetn and ihe ;ii<s. 

ptovids«i by ttse waii<iag action of aatyatcif s S:. "fisa 

re trgv^ dlstsfica is ysry fargs* in £!c-n5psrisdn to ti"sa 
\mg\h al s sSfVjte st«p of aolustor S. The largs 
stfoi<e f!5ti$i-a iri >:jira-atioas ?Q ia -assai-iai tc.^ •■>xa- 
pansaSe for wear af friction aaffaoes 3S. cf-angaa in 
ciimens.ioas duo to ttiarmsi avpar-slon, baarir;;; 

!5 ciearancBS, aaii oifsr ajodiiiona kaf>wr! to change 
bftsrij ot. X > , - ^ J IV. 

i->eiiv'y Vkw«-! '.-it --a!o.n v ti. ^ ' 

of fnerabof 2S by iiitsis ot aotasiors 2 rnora evaniy 
distfijjales >sfear 8.sp«idt!«a at surfaces S2. 

sx> Brakes appwiate to wry tmvy usSi sijch as 
frioss tliat stop ths Space SiiutSe Orbite? and simi- 
!ar craft, convert ttiOLisaads of Jiorsopoyrar to h«a'.. 
Ths fmt is assetuisiiy sesliictad to -he vicsaiiy of 
the fvicfion pads S't, and iaicjaiy prtivontsid if^ifr^ 

25 conducting, oca^act;;tg or rjssiiatins io atti^ators S 
£>y tiienrt-s! isolators SO. isosataj's coasis; oi strong, 
he<if rasistssit pads of rriaieiiai havioQ few th-arsnai 
conductivity such as ta-amad caraaiic ca-rnp-asites;. 
fafninate^ of aarbon of grapfiits fit3»F witi-i inor<3a;-!io 

m wateix, and suoh sks^ TTioss versed in: ths re-sfecs 
arts mi\ appreeiste tf^e -aso of v»fiis in the dssis 
batweoa !ric:-i;5n sa^rfaeas 3f; ihat dispatse host 
whiia tne -aisk it; roiatiag, and vviii facc^inix* iM «sa 
ot forcad con\'-action c-ooiif?9 of &rs!«a disks at rsjst 

preponderantly reactive, s-iSuaiiy a combination oi 
o^jafjitive ar-d indoctivs. oiedfleai irnpedsncs. Ac- 

'to tti<5f:or sefiv&tios by afi olactri-a iirim fnssfss cis' 
culates s miatsyoiy farge cjiisntit^' of siactricai pow- 
er, only a snTsii ffact!<;n oi which is eonvsried io 
ffiociianicai -^iii^ dtairsg wasi^ing and positioaing in 
most apf iioa^iar ^ > ^ v 

-is etectrscai efficiency obtains whan 'he siectricai 

siatanca af a dfiver, a dhva riioana iiiai passa;; 
coiw-artod as v^eil as reaotive p^wer thfoagii ifs 
so output components v*iif pgilorm less efficieetiy sf^an 
atwther drive m-asns ths; passes oniy converted 
pavsror, 

Tfie preferrad drive means far tne pfosaas in- 
vention is Foarier stimuiaiioa and ia insendod to ba 
Ei incii.Kisd in tfie cooiroiie;' (7i oi i-ig. 9? i>n a davica 

i^av i) 5; < i 1 (; V. S 

tuator poi'tlon having rauit;p!>j isyers, snbsots ot 
«fitua!or iaysra oi one sciaator ara elacirscaiiy cori- 
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1 ih« ccifmspt-oo'ifiQ iavofs oi 



>. An ; 



;tt.!atOf 



«t may if 
Pretsrabty, a 
sSrjiiJisterf csrcwi! i;ic:ud-3s or!« or tnot® paks of 
aciijators. Each subij-si: i;; stitnalajix; in eiec<rit;ai 
(bu{ not mech?!;?!?:?.!) :si;so;-i<:ncs at a prsrf&itsrfnirsfid 
{requisncy snci Afp-fHiL^j-is, cscM subset ihiifSfc'«> 
contfibutes ;s 5;if;L:soidal r?-Bci«;nicai sitroke poftiao 
to ttis jsstion ci She whois actustof. The -fiiJuo- 
tancss of aciuators n^ay be acivantaqsousiv used 
as easnpoi^sifits; of ■ih© ekic-tic; cuive inaans. Tne 
trsctiot! fnei'fibssr of fj^x;!^: ac;iijatoi" is fotcBkfiiy poai- 
•ionsd wiih the ?nec.ri;jr!tc.«! strokes thsi is th?: ium of 
the subS9i fofCdi'iJ! stfok* cari&iMons, Subset 
stimufation ffequencies md ampiituctes am setel- 
8c( in acGordaocei fmfm rates for a pariicuiar 
r!0?»s<nusoidai fr>Bchsn!csl ;?t!'o!«5 wsvs iom. for @x~ 
asnpte. thst wsvs term apptofKiatfi to csrriGott waik- 
Ing, The smiooih f>'n\kir-'^ !tft«-; sooke wavs fwni is 
gonsirslly a rociafiquisir wavsi, whiie the tafigenier 
Stroke wave forrr. is a notcfieci symmetric triangto 
mm. The ftotchss. i:«ovids tne S(ans;$f ot mechan:- 
Ca! power io the boit d'jring the forcin<3 aifoke 
portion wi«i6 t?(8 wava symmfjtry afiowB tiali the 
actuators of an aclwasnr >membty to exocuto power 
s{fc*E9S as th8 other half axscoSs reSracss, 
triangular stroke wave \0(m oi ibe tsngenter is 
ciomfjosfid of coKina jMid slno terrris. Gerforalty, 
varying the iinf)pii1wd8S of tha cosine torms in 
Foiifissr proportion vanss ihe tancs&ntial force irans- 
dyced, v^hsis varying the aiiipii-t-idss of iha sine 
terms irs Foijritjr proporiis.sri varies iiis,- tat)Q«:r)tiai 
£p!->ed of actuation. Cosine onci sine groups, being 
physieaiiy tiistinct «ind siedricaffy sep8fat8< sm $i- 
tnottenoouafy indsfXifidefiliy stetJtffcaity eontroita- 
tjis, Thosa sposc! and fosroe costrolting methocis 
ars pfef8n'9<3 ovsr methods that v®:y {rsque«ey, 
stnee ftequency variation requires mor« complex 
circuflry to mafolairi tti?? for:0«?ft;> of oiscfrtca! fosc;- 
naoce, for fjxarnpie. tijns: tracking. Li^or group am- 
piitoefe, corraspondin^ to noiwai fore® applied to 
^3 boit by ths tractior? membsr. and excess stroke 
needed for sraciiofi member cieararics during rs- 
•racij, is varied acfwrding to iht- nea-J to prevant 
siiciing for the preci;5terrnirH?<3 tangential force at 
each instaat, i he- product of t«r^Qeniis! force and 
Dov-'sr siroi^e distance the v<.'0>^< dons or> »>8 boll, 
itie power being the work dma per unit oi t\me 
averaged over the wijiking evcio. Simiiafiv, Mm 
prodiict of lifter SifCxte artd ossieci iifi ciisfance is fhe 
Wtc done on ttis pc-s-iioned object duting the 
forcing stroke portion, whiie the p<y,ver apptiod to 
me objsct is ths work dons per bolt ws!i<ing penod. 



.tit. tnotM t,' N , 

^ rfoe e.-^t.f * (. 

during ttie risinci pfj.-tion ot eac?i <;ine or cos;ffi3 
wave, anafc^gOv!& to siuppiying a ciown^vard in-spiiss 
to a chiid riPirsg s swing, Stirnuiation pwiss shape is 
rsilafiveiy less; i!TSfx>r5anl than the fJeSivsrsd poiss 
power. f^orJrier mimoK^tieri affords roistiveiy s'issxijsk: 
meffiods oi sdaptihg an sctiiStcr systosn to ti'iss 

(\&iiy td-ic-e-* !^ a ti-oiM-it \ --v ^ 

variety of etedtieal sources. siiCh as oswitchod D0< 
switched AO, eijnvsnSofis! powst Mrsains, nwsns or 
aiforaff ^r^3ins, an<3 power bu;j;>es eri>ita! sp:5c.e 



FfXirier si; 
siei*(0;5i efii 
eiectricai riS'jo 



Snttootti waikiru-; ;5r!jvi;3i:;S tt;e ieiatively higti tu-i- 
ehsnicai efficiericy ai5;!ocia;f5rf with actuation with- 
out sliding. Taken togiSii-jer, Feunee stimtjistion an<3 
smooth walking acisieve a systero eificisney itigher 
thati tt?at 8Chie«Ki by the sote; use ef eithix. 

The siectricsi rssistsnce of rforrnai rnatariais; 
causes interna! aetoator heatsno. The sftsicsive ac;- 



tualor 



srrjy de(;s 



tieat generati 
the rate at whic.n intern^iiiy ge;-ieratsd tmt .•;! re- 
moved, f^fuids are forced ti^roiigir intercoriducfor 
cioarances for co;;ied actijatcir applioatiotis. Heat Is 
more quiclciy roniovets froiT: snyriad rssinitiad cc;;)- 
doctors because of the r!?iat:vo!y ias^s raiio of 
surface area lo voiume. iViiriisiure conductors are 
safficientty eooieiJ by iriiercorsdactor torcer; con- 
vection in many appiiosjtions. (;oc;iBd rnscroscopic 



ctuator 



:5 chai 



■us- ,i'sd; t'-'ernai to ;nc v.>^-^,'~v Wv ^\ 
ergy datistty obla:ria -^'tie.n sii sotuaior compcrienis. 
have iniemat croolirtg chafiness. f-'se^oeieetfio 3»- 
fuatora cio not require forcari cerivection Oijofiris} in 
nriost applications, 

en->i30dirner(is having cooiirsg ffuid si!ppi:ed to 
■ind rerf>Dved frt-m interria! charitieis i:iy Itjblng op- 
erate in a vacwiirn vyitriOi.it c.oo:ir?g fliJid «:>;poaora. 
Internal cociing microchannaisi iriorearse fhe efiergy 
dsnsity in minified ac;t:jatc;<r efniriodirrien-a and am 
included in the scope of the presont inventiGn. 
dsspits increased epitaxial fabrication diftlcuiry. 



